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ABSTRACT 

The characteristic properties of blazars (rapid variability, strong polarization, high brightness) 
are widely attributed to a powerful relativistic jet oriented close to our line of sight. Despite 
the spectral energy distributions (SEDs) being strongly jet-dominated, a "big blue bump" has 
been recently detected in sources known as flat spectrum radio quasars (FSRQs). These new 
data provide a unique opportunity to observationally test coupled jet-disc accretion models 
in these extreme sources. In particular, as energy and angular momentum can be extracted 
by a jet magnetically coupled to the accretion disc, the thermal disc emission spectrum may 
be modified from that predicted by the standard model for disc accretion. We compare the 
theoretically predicted jet-modified accretion disc spectra against the new observations of the 
"big blue bump" in FSRQs. We find mass accretion rates that are higher, typically by a factor 
of two, than predicted by standard accretion disc theory. Furthermore, our results predict that 
the high redshift blazai's PKS 0836-H710, PKS 2149-307, B2 0743+25 and PKS 0537-286 
may be predominantly powered by a low or moderate spin (a ; 0.6) black hole with high mass 
accretion rates Ma ~ 50 - 2OOM0yr"', while 3C 273 harbours a rapidly spinning black hole 
{a - 0.97) with ^ 2OM0yr"'. We also find that the black hole masses in these high 
redshift sources must be ; 5 x 10^ Mq. 

Key words: accretion discs — black hole physics — (galaxies:) BL Lacertae objects: indi- 
vidual (3C 273, B2 0743+25, PKS 0537-286, PKS 0836+710, PKS 2149-307) — galaxies: 
jets. 



1 INTRODUCTION 

Blazars are radio-loud active galactic nuclei (AGN), believed to 
consist of an accretion disc surrounding a super-massive black hole 
with a relativistic jet a ligned closely with our line of sight (e.g. 
lUrrv & Padovanil I1995I) . They are highly luminous at all wave- 
lengths, with rapid variability timescales and relativistic jets. The 
Spectral Energy Distribution (SED) of a typical blazar consists 
of a broadband component attributed to synchrotron and inverse 
Compton emission from relativistic electrons in a jet. The "blazar 
luminosity sequence" indicates that the high energy peak moves 
to higher energies for blazars with lower bolometric luminosities 
jpossati et alJl998l : lGhisellini et aljl993) . 

A new optical-UV compon ent has recently been identified in 
a growing number of blazars (see lPerlman et alj2008l for a review), 
particularly flat spectrum radio quasars (FSRQs) and optically vi- 
olent variables (OVVs). This component has been interpreted as 
thermal in origin because it exhibits different spectral character- 
istics from the rest of the SED. This is consistent with the big 
blue bump (BBB) feature that is seen in quasars and other AGN 
and commonly attributed to an accretion disc (see e.g. lShang et al.l 
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I2OO5'). The thermal disc emission has been difficult to detect in 
blazars, presumably due to obscuration by the strongly beamed 
non-thermal emission from the relativistic jet aligned closely with 
our line of sight. However, if the source is in a faint state, it may 
be p ossible to detect th e big blue bump, as in the case of 3C 454.3 
(e.g. Raiteri et al.|l2007') and 3C 273. 

Standard accretion disc theorv jPringle & Reed 1 19721: 
iNovikov & Thomdl 19731 : IShakura & Sunvaev Ill973h assumes that 
all of the accretion power Pj, is locally radiated in the accretion 
disc, so that the disc luminosity is = P^. The universality of 
jets, observed across an extraordinary range of accreting sources, 
including non-relativistic sources (e.g. young stellar objects) and 
non-spinning sources (e.g. neutron stars), suggests that jets may 
be efficiently powered by accretion, without the need to invoke 
black hole spin. Magnetic surface torques can extract energy and 
angular momentum vertic ally from an accretion disc to form jets 
l lBlandford & Pavne|[l982h . This results in a dimmer and redder 
disc spectrum, and a higher mass accretion ra te compared to that 
predicted by standard accretion disc theory jKuncic & BickneUl 
[2004, 2007a b; Jolley & Kuncic 2008a, 2003). In blazars, the ratio 
of the disc luminosity Ld to the jet power Pj is typically 1 - 10% 
for cases where both values can be estimated reasona bly accurately 
jTavecchio et alj|2000l : iMaraschi & Tavecchioll2003h . This implies 
that more than 90% of the total accretion power can be extracted 



2 E.J.D. Jolley, Z. Kuncic, G.V. Bicknell and S. Wagner 



by the jet, leaving less than 10% of the accretion power to be 
radiated by the disc (Lj a O.lPa). Because blazars exhibit such 
powerful relativistic jets, the accretion disc emission should be 
strongly modified, making these sources ideal candidates for 
detecting jet-modified disc accretion. The black hole mass M and 
mass accretion rates of these sources could be substantially 
higher than that inferred fr om standard accre tion disc theory if the 
jets are accretion-powered ^JoUev & Kuncic 2008a). 

In this paper, we model the jet-modified thermal disc emission 
and synchrotron jet emission in a sample of FSRQs which exhibit 
a big blue bump (BBB). The high energy emission due to Compton 
processes is not modelled here; we defer this to future work. We de- 
rive key physical accretion parameters such as dimensionless black 
hole spin a, black hole mass M and mass accretion rate Ma. In Sec- 
tion[2l we present our jet-modified accretion disc and synchrotron 
jet model. This model is applied to 3C 273 in Section [3] and, in 
Sectiongl to four high redshift FSRQs, PKS 0836+710, PKS 2149- 
307, B2 0743-1-25 and PKS 0537-286, which were recently deteced 
with SWIFT. Our conclusions are presented in Section[5] 



2 JET-MODIFIED ACCRETION THEORY 

In this section, we present an explicit model for the magnetic cou- 
pling bet ween an accretion disc an d jet, resulting in a modified disc 
spectrum jjoUev & Kuncic |2008ij). Standard accretion disc theory 
( IShakura' & SunvaevJ 1973 ) predicts the following radiative flux 
from an accretion disc 



respectively, and 6, is the jet efficiency. The efficiencies are defined 
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where G is the gravitational constant, r-g = GM/c^ is the gravi- 
ational radius, x = r/rg is the dimensionless radius and x, is 
the dimensionless last marginally stable orbit. The disc flux can 
be generalized by including a relativistic co rrection term /^^ 
jNovikov & Thomell973l : |Page & Th ome' 1974') and by including a 
torque at the inner-most radial boundary f ( A gol & Ki'olik 2000), 
as we ll a s a torque accross the di sc surface /' jKuncic & Bicknelll 
|2004 see ljollev & Kuncid2008a l for further details). Thus, the gen- 
eralized radiative disc flux for a black hole with mass M and accre- 
tion rate can be expressed as: 



+ fix) - f(x)\ 
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The torque acting at does work on the inner-most boundary 
of the accretion disc and acts to enhance the disc flux at small radii. 
Conversely, the surface torque does work against the disc, hence re- 
ducing the disc flux. It can remove en ergy from the disc and di rect 
it vertically to form a magnetized jet jKuncic & Bicknelill2004h . A 
magnetic surfac e torque can a lso drive a mass-loaded disc wind at 
larger radii (see lKuncidl 19991) , but for simplicity we assume negli- 
gible mass loss and hence remains constant at all radii. 

Global energy conservation requires the total accretion power 
fa to equal the sum of the total disc radiative power Lj and the 
Poynting power removed from the disc to form the jet f j : 



P, = Li + P, 
Thus the disc radiative efficiency is 

fd = - = fNT + fr " fj 



(3) 



(4) 



where e, 's the total accretion efficiency, and €^ are the effi- 
ciencies due to relativistic accretion and the inner boundary torque. 



X ^f(x)dx 
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enabling us to normalise the local torques in terms of their corre- 
sponding global efficiencies. 

The mass accretion rate can be written as 



and we define the dimensionless mass accretion rate as 
m = = — 

I^EM l^Edd/ fd 



(6) 



(7) 



where LEdd = 4nGMmj,c/crj is the Eddington luminosity. Note that 
our definition of in does not assume = 0. 1. 

The input parameters for our modified accretion disc model 
are the fractional efficiency of the torque at the inner boundary 
6,./eNT, the dimensionless black hole spin parameter a and the frac- 
tion of accretion power injected into the jet, ej/fa- This last param- 
eter has an upper limit in order that the disc flux remains positive 
at all radii. The higher the black hole spin, the greater ej/fa can 
be as there is more accretion power available to extract to the jet. 
The value of fr/eNT also determines how large e^/e.^ can be. For 
a = 0, we set eje^ = 0.05 (see e.g. lAgol & Krolik 2000), allow- 
ing ej/ea = 0.50. For a = 0.97, ejem = O.IO so that e^/e^ = 0.90. 

The magnetic torque acting across the disc surface can extract 
power from the disc and inject it into the jet. Some of the parti- 
cles are then accelerated to nonthermal, relativistic energies. Con- 
sequently, synchrotron radiation by relativistic electrons can con- 
tribute significantly to the broadband emission. 

The relativistic jet is modelled with a bulk Lorentz factor Fj 

and Doppler factor S - jFj |^I - (1 - Fr^)''^ cos 0j j| , where 6j is 
the angle between our line of sight and the jet axis. The jet geom- 
etry is shown in Figure[T] The initial jet radius is r^ Q = zotari(Fr'), 
where zo is the starting height of th e radio-synchrotron jet, an d 
Fr' is the jet half-opening angle (see iBlandford & KoniglllT979l) . 
The jet is divided into cylindrical sections, and the contribution 
from each component is integrated to give the total emission spec- 
trum. The observed specific luminosity due to the net contribu- 
tion from each jet c omponent is (see also lJollev & Kunci3l2008j : 
iFreeland et"ai]|2006b : 

L°^' « 2 p AnS^S?" ( 1 - e-"-'°) nr sin 6, dz (8) 
where S is the synchrotron source function and 

is the synchrotron optical depth along a path length A.s' « 2r/ cos dj, 
where r » z(l>, through each cylindrical section. 

The equipartition factor /eq = Cs/t/c relates the magnetic field 
energy density Ub = B^/Sn to the relativistic electron energy den- 
sity Us = |<-y)A'emeC^, where {7) is the average Lorentz factor. The 
proper electron number density and magnetic field strength B 
decline with jet height z according to N^iz) oc z^^ and B(z) z"'. 
The total jet power in the observer frame is 



(Fj - DA'em.c^ + -FjA'e<r>'neC- (1 + 2^) 



(9) 



where the first term in square brackets describes the bulk jet kinetic 
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Figure 1. Schematic diagram of the jet geometry (not to scale). The jet radio 
synchrotron emission begins at a height zo above the midplane and extends 
to zj, with half opening angle 0. It is divided into cylindrical sections of 
thickness Az and radius r a z<l>. The angle between the jet axis and the line 
of sight is 8j and the path length through each cylinder is As. 



energy and the second term describes the electron kinetic energy 
and the magnetic energy. Once the parameter ej/e.^ has been set, we 
use the above equation to normalize the electron number density 
A^ e.o at the base of the jet. F urther details of the model are described 
in ljollev & Kuncid ( l2008"al) . 



3 THE BORDERLINE BLAZAR 3C 273 

The well known radio-loud quasar 3C 273 (z = 0.158) is sometimes 
classified as a blazar due to its strong radio jet with superluminal 
motion and strong flux variability. The dynamical mass of the black 
hole in 3C 273 has been det ermined from Civ and L ya line widths 
to be M 6.59 x 10'Mq jPaltani & TiMe3l2005h . The SED of 
3C 273 exhibits a big blue b ump which does not vary significantl y 
in flux on long time scales jPaltani. Courvoisier. & Walteilll998h . 
Any thermal disc component should be unpolarized because it is 
optically thick blackbody emiss ion. However, the obs erved opti- 
cal flux is polarized up to 2.5% jPe Diego et aljn992h . providing 
strong evidenc e that jet synchrotron emission contributes to the op- 
tical emission. Ijorstad et alj ( |2005|) determined the kinematics of 
jets in several AGN from a three year study using the Very Long 
Baseline Array (VLBA). They found that the jet in 3C 273 has 
a Lorentz factor of F x 10, Doppler factor 6 x 9.5 and an in- 
clination angle x 6°. We set the optically thin synchrotron spec- 
tral index o- a 1, and the equipartition factor /eq = 1. The SED 
also has a NIR bump at =^ 10'''Hz. This feature is due to thermal 
emission from heated dust rather than synchrotron emission (e.g. 
lRobsoneta"l]|l986l ; iTurler et al]|2006l) and we do not model this 
component here. 

Figure [2] shows our spectral modelling fits to t he radio-UV 
SED of 3C 273 (data points are from lSoldi et al.l2008h . The dashed 
line is the jet-modified disc contribution only, and the solid line is 
the combined disc and synchrotron jet spectrum predicted by our 
model taking into consideration the global disc+jet energy budget. 
The dotte d line is the best-fit s t andard relativistic disc spectrum pre- 
dicted bv lNovikov&Thomel ( Il973l) . Fig. Ha) is for the case of a 
non-spinning black hole (a = 0), and Fig.|2jb) is the case for a near 
maximally spinning black hole (a = 0.97). The physical parame- 
ters for the best-fit spectral models shown in Fig. |2] are presented 
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Figure 2. Spectral modelling fits for 3C 273, in the blazar rest frame. The 
dashed line is the contribution from the jet-modified accretion disc only, 
and the solid line is the total contribution from the synchrotron jet and 
the disc. The dotted line is the best-fit standard relativistic disc emission. 
a is the dimensionless black hole spin, 6j / is the fraction of the accretion 
power chanelled t o a jet. The squares are observational data points listed in 
ISoldietalJiaOpg) . 



in Table [T] We model the radio synchrotron jet emission from a 
minimum height za = 100r„ above the midplane. The jet radius at 
this height is rj o = 60rg for the a = case and r^ g = llr^ for 
a = 0.97. The electron number density and magnetic field strength 
at the base of the jet are N^.o ~ 7x 10' cm"', Bq » IG for a = 0, and 
N^ Q X 8x10'' cm"'. Bo ~ 5G for a = 0.97, respectively. Our predic- 
tions of the magnetic field strength at the base of the jet match those 
derived i ndependently from mul tifrequency VLBA observations of 
the core jSavolainen et al.ll2008l) . 

In order to fit the observational data around a; 10" Hz, where 
the BBB peaks, our model predicts that the black hole must be 
rapidly spinning (Fig.[2](b)). For a = 0, both the standard relativis- 
tic disc model and our jet-modified disc model are too red to ade- 
quately fit the observational data points for the tightly constrained 
black hole mass. The disc spectrum for a spinning black hole (Fig. 
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|2](b)) is bluer because the last marginally stable orbit is smaller. 
Our results agree with iTiirler et al.l ( l2006h , who find evidence of 
a very broad Ka line in 3C 273, suggesting that the black hole 
may be rapidly spinning. We note that the predicted synchrotron 
jet radio emission underpredicts the observed radio emission. This 
is because we have not modelled radio-lobe synchrotron emission 
which dominates in radio-loud sources. 

Table[2]compares the mass accretion rates predicted by our jet- 
modified disc model with that predicted by the standard disc model. 
Our model (Fig. |2l dashed lines) predicts a higher Ma for 3C 273 
than the standard model predicts (Fig.|2l dotted lines) for the same 
disc luminosity. This is because our model self-consistently takes 
into account the additional accretion power used to power the jet. 
As a result, the disc efficiencies predicted by our model are lower 
and m is higher. 



4 HIGH REDSHIFT BLAZARS 

The UV/Optical Telescope (UVOT) jRoming et .dlbOOSl) aboard 
the SWIFT satellite was used to observe several high redshift 
blazars, including PKS 0836+710 (z = 2.172), 2149-307 (z = 
2.345), 0537-286 (z = 3.104), and B2 0743-H25 (z = 2.979) (als o 
known as SWIFT J0746.3+2548) jSambruna et ai]|2006l l2007h . 
These sources exhibit strong emission lines in their optical spec- 
tra and thus, are classified as FSRQs. Strong X-ray emission 
and rapid variability indicate that the radiation is relativistically 
beamed. In the optical-UV, the lack of variability is consistent 
with radiation from a difi^erent component such as thermal emis- 
sion from an accretion disc. Indeed, the optical-UV emission in 
PKS 083 6+71 was found to have a polarization of 1.1 ± 0.5 % 
Jlmpev&TaDi3ll99(]h . This is lower than that usually observed in 
other jet-dominated blazars, suggesting that the BBB is predomi- 
nantly thermal in origin, with a small synchrotron jet contribution. 

Our spectral modelling results for these four blazars are shown 
in Figure [3] The total jet+disc spectrum is shown for a mass of 
M = 5 X lO^Ma (solid line ) and for M = 10'° (dashed line) 
(e.g. see lYu-ving et al]|2008l ; IVestergaard et alj|2008l; iNetzer et al.l 
l2007h. The inclination of the jet to our line of sight is 6 = 3° 
jSambruna et al .' 2007). The jet Lorentz factor is Fj = 5, corre- 
sponding to a Doppler factor of 6 x 9. We find that the M = 
5x10' Mq case requires a = because a high-spin disc produces a 
bluer spectrum that peaks past the UVOT data points. Similarly, the 
maximum possible spin for the M = 10'" Mq case is a = 0.6. Our 
jet-modified accretion disc model predicts a maximum ej/e^ a 0.50 
for fl = and Sj/e^ » 0.70 for a = 0.6. The optically thin syn- 
chrotron spectral index is set to a = 1.50 to be consistent with the 
UV fall-off, and the equipartition factor = 1 . Other parameters 
are listed in Table[T] We deduce the initial height of the radio syn- 
chrotron jet emission to be zo = 500r„ with radius rj o = 300rg, and 
the electron number density and magnetic field strength at the base 
of the jet are N^^o ~ 1 -9x 10" cm"' and So ~ 0.5- IG, respectively. 

As in the previous case for 3C 273, Table [2] shows that the 
mass accretion rates M.^ inferred for these high-redshift blazars are 
all consistently higher than those predicted by the standard rela- 
tivistic disc model. This is because, for a given luminosity, addi- 
tional accretion power is needed to self-consistently account for 
the jet. 



5 DISCUSSION AND CONCLUSIONS 

The strongly beamed jet emission of blazars and limited optical 
monitoring data make fitting a thermal disc spectral component 
difficult. Nevertheless, the presence of a strong jet in blazars sug- 
gests that thermal disc emission in these sources should be strongly 
jet-modified, and that the mass accretion rates can be substantially 
higher (by at least a factor of « 2) than those inferred from standard 
accretion disc models (which assume all the accretion power is lo- 
cally dissipated in the disc). In the case of 3C 273, may be more 
than a factor of 7 higher than would be inferred from the standard 
model. Previous attempts to model the optical emission from 3C 
273 usi ng various accreti on models have met with limited success 
(see e.g. lBlaes et al .1200 ll and references therein). Magnetic torques 
and the effects of the jet are neglected, resulting in high radiative 
efficiencies, low mass accretion rates and poor fits to the observed 
spectra. In order to successfully reproduce the BBB in 3C 273, it 
is necessary to self-consistently include the presence of the jet and 
the magnetic torques responsible for coupling the jet to the disc. 

We have considered a new accretion model which incorporates 
magnetic disc-jet coupling and which takes into consideration en- 
ergy partitioning between thermal (disc) emission and bulk kinetic 
(jet) energy. Our model predicts that the nearby borderline blazar 
3C 273 is powered by a rapidly spinning (a = 0.97) black hole ac- 
creting at a rate M x 20 M© yr"' . Conversely, we also find that the 
high redshift blazars PKS 0836+710, PKS 2149-307, B2 0743+25 
and PKS 0537-286, are likely to harbour a low-spin (a < 0.6) black 
hole. Our model predicts that these high redshift sources are ac- 
creting at much higher rates of approximately 50 - 200MQyr"'. 
These results are consistent with cosm ological spin evolution sce- 
narios (see e.g. ljoUev & Kuncicl2008bl and references therein). The 
black hole in 3C 273 (z = 0.158) may have been spun up as a 
result of sustained, systematic accretion. At high redshift, merg- 
ers and/or episodic accretio n of randomly oriented material miti- 
gates spin evolution (see e.g. lBerti & Volonteril2008l and references 
therein). 

Unlike 3C 273, the masses of the black holes powering the 
high redshift blazars are poorly constrained. Our spectral modelling 
results suggest that M w 5 x lO' Mq is the minimum black hole 
mass in these blazars. Lower values of M would result in accre- 
tion disc spectra that are too blue with respect to the observational 
data, even when a = 0. For Af = 10'" Mq, we find a » 0.6. As 
val ues of M; 10'° Mg are ruled out by observa t ions (for example, 
seelYu-vi ng et al ] |2008l ; IVestergaard etai]|2008l : iNetzer et allboOTl 
and references therein), the black hole spin must be a ; 0.6 for these 
sources. 

The presence of strong jets enhances the accretion growth 
of black hole mass. This is because jets enhance the rate 
of angular momentum transport and hence, the mass accre- 
tion rate i jjollev & Kuncid l2008ij) . Thus, the observed corre- 
lation between radio loudnes s and black hole mass (see e.g. 
iMetcalf & Magliocchettill2006l and refer ences therein ) can be ex- 
plained by jet-enhanced accretion growth jjoUev & Ku ncic 2008tJ). 
For the zero spin case, the mass accretion rates found using our 
jet-modified accretion disc model are approximately twice that pre- 
dicted by a standard accretion disc for the same disc luminosity (see 
Table|2j. This is because half the accretion power is channelled to 
the jet. As a result, the disc radiative efficiency is half that predicted 
by the standard model. 

More generally, our results indicate that jet activity is respon- 
sible for the changes in radiative efficiency that result in different 
spectral modes and accretion states in AGN and galactic x-ray bina- 
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Figure 3. Spectral fits for the UVOT/SWIFT blazars in the blazar rest frame. The soHd line is the total jet+disc spectrum f or a black hole of mas s M = 
5 X 10' Mo and spin a = 0, and the dashed line is for M = lO'" Mq and spin a = 0.6. The observational data points are from lSambruna et aP ilOOdboOTh 
(diamonds) and from NED (plus signs). 



ries l|jester"2005'). Indeed, we have demonstrated in previous work 
jjoll ev & Kuncic 2008a, 2007) that jet-modified disc accretion can 
successfully explain low luminosity AGN. Furthermore, consider- 
ation of energy partitioning between the jet and disc requires the 
disc radiative efficiency to be less than that predicted by accretion 
models that neglect this partitioning. Hence, our values of the di- 
mensionless mass accretion rate m are higher than those predicted 
by standard accretion models. 

In future work, the accretion parameters predicted by our 
model can be used to derive further information about the disc- 
jet c oupling, such as the m agnetic field strength required to launch 
jets teicknell & Lill2007l) . or the black hole mass-growth history 
and spin evolution. Our spectral model could also be extended to 
predict the x-ray emission resulting from Comptonisation of disc 
photons in the jet. This may explain why the observed jet x-rays in 



3C 273 are not c orrelated with the jet radio synchrotron emission 
jCourvoisier et a l. 1987; Soldi et al. 2008). Tighter observational 
constraints on black hole masses and more optical monitoring of 
blazars to obtain more data in their low state, would allow us to 
better constrain their accretion and black hole properties. 
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Table 1. Parameters used in the spectral fits shown in Figs.[2]and[3]for our disc+jet model. For comparison, the radiative efficiency for the standard relativistic 
disc model is ej = 0.06 for o = 0, ej = 0.10 for a = 0.60, and = 0.25 for a = 0.97. See text for a description of other parameters. 
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0.32 


0.03 


0.7 


228 


5 


27 


2.6 


PKS 2149-307 


2(c) 


2.345 


5 





0.40 


0.03 


0.50 


148 


5 


45 


1.6 








10 


0.6 


0.0.20 


0.03 


0.7 


143 


5 


30 


2.5 


B2 0743+25 


2(d) 


2.979 


5 





0.60 


0.03 


0.50 


222 


5 


60 


9.3 








10 


0.6 


0.27 


0.03 


0.7 


192 


5 


42 


9.0 


PKS 0537-286 


2(a) 


3.104 


5 





0.15 


0.03 


0.50 


56 


5 


83 


1.9 








10 


0.6 


0.07 


0.03 


0.7 


50 


5 


60 


2.3 



Table 2. Mass accretion rates predicted by our jet-modified disc and by the standard relativistic accretion disc model. The dimensionless black hole spin is a, 
the mass accretion rate is defined in Eq. j6j, and the dimensionless mass accretion rate m is defined in Eq. jT). 

jet-modified disc standard disc 

z M(x10''Mo) a Ma(Moyr-') m Ma(Moyr-') m 



3C273 


0.158 


6.59 





22 


1.5 


12 


0.8 






6.59 


0.97 


23 


1.6 


3 


0.2 


PKS 0836+710 


2.172 


5 





222 


20.1 


117 


10.5 






10 


0.6 


228 


10.3 


75 


3.4 


PKS 2149-307 


2.345 


5 





148 


13.4 


78 


7.0 






10 


0.6 


143 


6.4 


47 


2.1 


B2 0743+25 


2.979 


5 





222 


20.1 


117 


10.5 






10 


0.6 


192 


8.7 


64 


2.9 


PKS 0537-286 


3.104 


5 





56 


5.0 


29 


2.6 






10 


0.6 


50 


2.3 


17 


0.7 
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